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SUMMARY
The Shadehill Dam outlet works and stilling basin were

built . at the time the dam was constructed but have not been used,
‘The outlet works was designed to discharge 285 cfs into a canal to
be constructed at a future date. :Under present modification plans,
the capacity of the outlet works will be increased to 600 cfs to
provide some reservoir control and the flow will be discharged into
the service spillway stilling basin and then into the river until
~construction of the canal, “Hydraulic tests were made on a 1:12.,52:

scale model to develop the hydraul:.c des:.gn of the proposed outlet
works modification, ‘

In the preliminary design of the modification, the existing
stilling basin was extended, and a wave suppressor was placed,doim-'
stream; a spillway crest, transition and 6-foot-diameter pipe were
utilized to conduct the flow from the outlet works basin into the
existing service spillway stilling basin, from which the flow entered
& discharge cha.nnel that carr:.ed the flow to 'bhe river downstream.

Tests on “the preln.mnary design showed the overall arra.nge-
ment and dimensions of the structure to be satisfactory, but that
the hydraulic performance: ‘could be 1mproved by the addition or
modification of several features,

The addltlon of a chute block in the existing upstream
portion of the basin and three baffle piers in the new downstream
portion improved the performence of both the basin end wave suppressor,
An overhang of 12 inches was pliaced on top of the basin walls to
contain high waves within the basin. A small deflector followed by
a 1l2-inch air vent was installed in the .CTOWN of the- transi’uon from




the crest section to the 6-foot pipe. The deflector acted as =
constriction and provided a positive control to prevent filling

and siphonic ‘action in the pipe if the flow ever exceeded the design
discharge, To improve the: :performance of the service spillway
stilling basin for outlet works ‘flows from the 6-foot-diesmeter
pipe that entered the side of the basin, the straight end of the
pipe wes replaced with a specially’ shaped piece which curved down-
ward and to the left, Flow passing through the curved: piece was .
thus given a swirling motion and produced a hollow-jet flow: pattern
as it entered the service ‘spillway basin, The flow entering the
discharge chanmnel {rom.the basin was well distributed across the
entire width and produced no musua’.l*flow or scour problems.
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INTBDDUCTION :

Shadehill Dam is part of the Missoun River Basin Project
and is located on the Grand River near Lemmon, South Dakota, at the
northern border of the state, Figure 1. The reservoir is used for
flood control and storage of irrigation water. 'The dam, Figure 2,
is a compacted earthfill structure covered with a protective layer
of rock riprap. It's crest is at elevation 2318, 125 feet above the
stream bed, - o B S ,

The dam contains an emergency spiliway, a service or tunnel
spillway, and an outlet works all located in the left abutment., The
outlet works, Figure 3, was originally designed to discharge 285 cfs
into a stllllng basin at the upstream end of .a canal, By means of ,
the outlet works modification, Figures 4, 5, and 6, 600 cfs can be
discharged from the outlet works stillmg basin into the service
spillway stilling basm. ’ : . ‘ ~

- The modiflcatn.otn includes an extenslon of the original :
still:.ng basin, a wave suppressor and a 6-foot-diameter pipe that
discharges ou'tlet works flows into the:service spillway stilling
basin, Flow enters the pipe after passing over a crest in the
transition section located at the downstream end of the. outlet mrks
stilling ‘basin extension, :




| THE MODEL

The model, Figures 7 and 8, was a 1:12,52 scale reproduc-
tion of the outlet works ‘modification, including: the outlet works
structures, a portion of the service spillway stilling basin, and'a
short length of discharge channel extending downstream from the
spillway stilling basin, ‘The model, constructed as a mirror imege
of the prototype structure to make use of ‘available laboratory space,
wes tested in the Bureau of Reclamation Hydraulic Laboratory in -
Denver, Colorado, h ' - :

THE INVESTIGATION

: The primary purpocse of the investigation was to develop
the hydraulic design of the outlet works modification for a discharge
of 600 cfs, To accomplish this s it was necessary to investigate the
hydraulic performsnce of the outlet works stilling ‘basin, the pro-
posed wave suppressor, the crest in the pipe entrance transition and
the transition section, ‘the 6-foot-diameter pipe,  and “the service
spillway stilling basin, s : ‘

Preliminagz Design | _ ‘ ’

.~ The preliminary design of the modification as tested is
~ shown ir Figure 9. Initial investigation showed the general concept
-of the preliminary design to be satisfactory but that. several fea-.
tures needed improvement, T o L [

‘ ~The design flow of 600 cfs entering the outlet works
stilling basin will have a Froude number between 2.5 and 3.5,
depending upon the roughness of the conduit. between the reservoir
and ‘the outlet portal, For a roughness coefficient in Mannings
equation of .n = 0,013, ‘the Froude number is 2,5, end the velocity
of-“the flow at the portal is 26.1 feet ‘per second, For.n =:0,008
the Froude number is 3.5, and ‘the velocity is.31.35 feet per second,
‘Since the roughness of ‘the prototype is not known, tests were made
for these n values, ‘Both flow conditions in the basin are shown
in Figure 10, ' The water surface was extremely unsteble and was
accompanied by severe wave action downstream, particularly for the
- higher Froude number, For the high Froude ‘number, “the toe. of the
Jump moved 20 feet upstream and downstreem in the basin, and waves
splashed over the training wall, ~The wave action was ‘dampened .con-
siderably by the wave ‘suppressor; however, 'surging persisted on the
downstream side of the suppressor. The suppressor was relatively




ineffective because the jump formed so close to thz suppressor that
turbulent flow persisted -through the deflector and caused a boil
along the training wall at the downstream end of basin extension,
This boil caused unsymmetrical flow over the crest and at the
entrance to the 6-foot-diameter pipe, 'Thus, because the flow was
unsymmetrical it had a tendency to zigzag through the pipe, This
action was not severe, however, and flow through the pipe was con-
sidered to be satisfactory.

At the outlet portal of the 6—foot-diameter pipe, the flow
plunged into the service spillway stilling basin pool, striking near
the opposite wall, and causing a large boil along the wall as shown
in Figure 11A, The concentrated flow caused considerable erosion in
the movable sand bed of the discharge channel, Figure 11B, At the
downstream corner of the basin the sand bed was eroded to the floor
of the model box which was at prototype elevation 2182, Sand from
the other side of the discharge channel was carried into the basin
and deposited to elevation 2186,5.

Recommended Design

The recommended design, shown in Figures 4, 5, and 6,
resulted from tests made on several intermediate designs in which
various arrangements of baffle piers, sills, and other appurtenances
were evaluated in terms of hydraulic performance.

Qutlet Works Basin, For the recommended basin 1 stream-
lined chute block, 3 feet 9 inches high by 2 feet 6 inches wide, wes
installed at the upstream end of the exlstlng outlet works stilling
basin; and 3 piers 20 inches wide by 7 feet high, tied together by
means of a slab across their tops, were installed at the upstream
end of the stilling basin extension, Figure 12, In addition, a
12-inch overhang was placed on ‘the tops of the ba51n training walls
to contain the high waves within the basin.

The chute block and baffle piers were necessary'because
the depth in the basin wes not sufficient to develop and hold the
hydraulic jump in the upstream or original portion of the basin,
The 1 large chute block proved to be more effective than 2 or 3
smaller ones, The use of 1 block would simplify prototype cone-- :
struction since adding only 1 chite block to the existing prototype
structure was considered to be less difficult than constructing 2 or
3 smaller ones, The model tests had indicated that 3 equally spaced
piers 1 foot wide by 1,5 feet high, or 2 piers 1.5 feet wide by 2 feet
high placed about 15 to 20 feet downstream from the .chute block would




improve the hydraulic jump and provide more uniform flow beneath the
wave suppressor, In this location extensive alterations to the =~
existing structure would be required., Therefore, it was decided to
place larger baffles farther downstream at the beginning of the new
construction, Figures 4 and 12, These recommended baffle piers
improved the stilling action of the hydraulic: Jurmp and wave suppressor
almost as much as the smaller piers in the upstream position, The
improvement over the preliminary design can be seen by comparing
Figures 10 and 13, ' The water surface was smoother and the flow .was
more stable both upstream and downstream from the wave suppressor
over a wide range of outlet works flows for both values of entrance
flow velocities, ‘ ,

. It was determmed that the poor flow condition at the
entrance to the pipe could be alleviated by placing a guide wall
between the wave suppressor and the pipe entrance, as shown in
Figure 13, In effect, this wall provided a streamlmed approach to
the pipe entrance Wthh helped to uniformly distribute the flow over
the crest. A 1l5-inch-high sill on the basin floor, used in place of
the guide wall, and located 3 or 4 feet farther upstream served the
same purpose but was not quite so effective, However, the improve-
ment afforded by these means was not deemed necessary, considering
the added cost, and the wall or sill’ were not adopted or. recommended
for prototype constructlon :

" The outlet works was foun‘d"'bo be ‘capable of dn.schérgihg

flows up to 750 cfs if emergency conditions ever made this necessary,
Figure 14. Flows of 800 cfs spilled over the outlet works basin
training walls, The basin also performed well in discharging less
than design flow, Figure 14, For the original outlet works design .
flow of 285 cfs at low veloeity, the jump formed within. the tunnel
below the control gate, filling the tunnel to the crown'at the
portal, Increasing the velocity to provide a Froude number of

about 3,5 caused the jump to move downstream into the basin, Neither
flow condition seemed to be objectionable since the’ tu.nnel is vented
upstream at the radial control gate,

Pipe Entrance. - A small deflector followed by a- 1l2-inch-
air vent wes installed in the crown of the transition section down~
stream from the crest section; Figures 4, 12, and 15, The purpose
was to prov1de a positive control to prevent £i1lling end siphonic
action in the 6-foot-diameter pipe downstream if the design flow was
- ever exceeded, For flows up to 800 cfs, the pipe did not £ill,

Figure 15, For flows of 800 cfs some water spilled over the outlet
works wall upstream from the wave suppressor. This action would be




visible to the operators of the prototype structurc and would indicate
that the capacity of the structure had heen exceeded, Pressures were
recorded at piezometers in the crest section =nd entrance portal
transition section, Figures 12 and 16. No subatmsphenc pressures
were detected,

The crest was calibrated, Figure 17, using the staff gage
on the right-hand wall downstream from the wave suppressor as the
head-measuring station, Figure 4, The capacity of the crest section
was satisfactory. For the higher discharges the water surface at
the gage fluctuated as shown., For 600 cfs the average fluctuation
was about 10 inches arid sometimes more,

Pipe Exit, To improve the performance of the service
spillway stilling basin in dissipating the energy in outlet:works
discharges, the straight end of the 6-foot-diameter pipe was replaced
with a curved trajectory piece, Figures 5, 6, and 12, The center
line of the trajectory curved downward . 27" from the center line of
pipe on about a 45-foot radius and was rotated clockwise 45° from
the downward posltlon. The end piece was made from 5 pieces of
straight pipe cut and assembled as shown in Figure 5, Flow entering
the end piece had sufficient velocity to spin over the crown of the
pipe and form a hollow jet almost annular in shape, Flow emerging
from the end had a swirling motion which caused the diameter of the
jet to expand, Figure 18, The spinning jet was readily broken up as
it entered the tail water end spread laterally across the stilling
basin width, The flow passed through the stilling basin pool in such
a wegy that a minimum amount of disturbance resulted. Only minor
erosion of the river bed occurred, Figure 18, snd since this area is
protected by riprap in the prototype structure, no .erosion problems
are expected tc occur, Other degrees of end piece curvature and
other degrees of rotation both to the left and to'the right were
tested, but were not as effective as the recommended design.
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Figure 10
Report hyd 453

A. Flow conditioning down- B. Flow conditions down-
stream from wave stream f{rom wave
suppressor F=3.5 suppressor F=2,5

C. Flow conditions in basin D
F=3.5 F=2.5

Flow conditions in basin

SHADEHILL DAM
PRELIMINARY OUTLET WORKS STILLING BASIN - 600 CFS
1:12. 52 Scale model




:Figure 11
Report hyd 453

A, 600 cfs entéring service spill-
way stilling basin T. W, 'Elev,
2197 : ‘

B. Erosion after one hour model test run
at 609 cfs. See Figure-8 for channel
bed elevations before test run

SHADEHILL DAM
PRELIMINARY 6-FOOT DIAMETER PIPE EXIT .- 600 CFS
1:12,52 Scale model




B ‘Baffle: p1ers and
connectmg slab

C. Deflector and air vent - : - : D Curved traJectory endi_ o
in crown of. transition Sl e Ypiece at -eXit of 6-foot -
sectwn : ‘ S FaR T ~d13mete,r4,mpe o '

R SHADEHILL DAM :
RECOMMENDED MODIFICATIONS
1:12,52/Scale model - *




Figuré 13
Report-hyd 453

A, Flow conditions downstream
from wave suppressor F=3.5

B. Flow conditions in basin
F=2.5

C. 'Flow conditions in e :D; 'Flow conditions downstream
bagin F=3.5 -~ : L - «from:wave suppressor F=3.5
o ‘ ~(Guide wall not used:in the
recommended design)

SHADEHILL DAM
RECOMMENDED OUTLET WORKS - 600 CFS
1:12. 52 Scale model




 Figure 14
‘Report hyd “453

A, Flow condxnons downstream
from wave suppressor Q=750
cfs, F=3.5 , N

'Flow conditions in basin
- F=2,5

C. Flow conditions in R B Flnw conditions. downstream
basin F=3.5" ‘ i from-wave suppressor Q-300
' : cfs, F=2,5

SHADEHIL L DAM
RECOMMENDED OUTLET WORKS - 750 & 300*CFS
1:12.52: Sqale -model




Figure 15
Report hyd 453

A. 600 cfs

B. 600 cfs

C. 150 cfs

D. 300 cfs

; SHADEHILL DAM
TRANSITION FROM CREST TO PIPE WITH RECOMMENDED
DEFLECTOR AND VENT
1:12.52 Scale model
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. FIGURE 17
"~ .REPORT HYD 453

~Average Fluctuati

IN FEET ABOVE CREST

GAGE READING HEAD

2 ‘ 3

. ; 'y
DISCHARGE - IN

100 c.f.s.

NOTE‘: Head Measured at Weir Goge,Shown on
Dwg. 276—-D —182, FIGURE 4

SHADEHILL DAM OUTLET WORKS

CREST CAPACITY 'VS. HEAD
1.12.52 SCALE MODEL




X-D-18025"

C Erosion after one hour
R . : , . ; . -~ . .o :modelitest run.at 600 cfs

‘Note spinning action given. FRESt Note expandmg hollow Jet SN : “-thh tailwater at- elevatxon

to water in curved:trajectory e vproduced by curved traJectory 72197, " See Figure 8 for

‘Piece. Exit is nc;: sealed and . e '«", ,p1ece. : : - .channel bed elevations be-
’;g:xsrglvgépe vent atmn is _ S , ) e i ‘,fore test run, 5

A. 600cfs. T. W..EL 2187 B 600 cfs’ T. W. EL 2198

: SHADEHILL DAM ,
RECOMMENDED 6<FOOT DIAMETER PIPE EXIT - soo CFS
‘ 1:12, 52 Scale model :
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